Interaction of white spot syndrome virus VP26 protein with actin  by Xie, Xixian & Yang, Feng
www.elsevier.com/locate/yviroVirology 336 (2Interaction of white spot syndrome virus VP26 protein with actin
Xixian Xiea,b, Feng Yangb,*
aSchool of Life Sciences, Xiamen University, Xiamen, P. R. China
bKey Laboratory of Marine Biogenetic Resources, Third Institute of Oceanography, Xiamen, P. R. China
Received 3 February 2005; returned to author for revision 26 February 2005; accepted 14 March 2005
Available online 12 April 2005Abstract
VP26 protein, the product of the WSV311 gene of white spot syndrome virus (WSSV), is one of major structural proteins of virus. In this
study, when purified virions were treated with Triton X-100 detergent, VP26 protein was present in both the envelope and the nucleocapsid
fraction. We have rationalized this finding by suggesting that VP26 protein might be located in the space between the envelope and the
nucleocapsid. By using a fluorescent probe method, we have investigated the interaction between VP26 protein and some proteins of host
cells. Three major VP26-binding proteins were purified from crayfish hemocytes by affinity-chromatography, in which the protein with an
apparent molecular mass of 42 kDa was identified as actin by mass spectrometry (MS). Moreover, the association of VP26 protein with actin
microfilaments was confirmed by coimmunoprecipitation.
D 2005 Elsevier Inc. All rights reserved.Keywords: White spot syndrome virus; VP26 protein; ActinIntroduction
WSSVis amajor pathogen in the cultured penaeid shrimp,
and can also infect most species of crustacean (Chen et al.,
1997; Chou et al., 1995; Lo et al., 1996). First appearing in the
1990s in Taiwan, WSSV has quickly spread to Southeast
Asia, the Indian continent and Central- and Latin-American,
causing catastrophic economic losses. Electron microscopy
studies reveal that WSSV is an enveloped, non-occluded and
rod-shaped virus (Wang et al., 1995; Wongteerasupaya et al.,
1995). The virus contains a double-stranded circular DNA of
about 300 kb, which has been completely sequenced on three
WSSV isolates (Chen et al., 2002; van Hulten et al., 2001a;
Yang et al., 2001). Approximately 181 open reading flames
(ORFs) are revealed by the analysis of the WSSV genomic
DNA sequence (Genbank accession number: AF332093).
Most proteins encoded by ORFs show no homology to
known baculovirus proteins and other proteins in database,
suggesting that WSSV might be a representation of a new
virus family (van Hulten et al., 2000b). Recently, the0042-6822/$ - see front matter D 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.virol.2005.03.011
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approved a proposal to erect WSSV as the type species of
the genus Whispovirus, family Nimaviridae (www.ncbi.
nlm.nil.gov/ICTVdb/Ictv/index.htm).
WSSV particles contain more than 30 polypeptides in
molecular weight range of 10 to 660 kDa (Huang et al.,
2001; Tsai et al., 2004; X. Xie, unpublished data). In
previous studies, the major structural proteins matching the
ORFs of WSSV were identified in the purified virions, in
which several envelope proteins have been separated and
identified (Huang et al., 2002a, 2002b; van Hulten et al.,
2002; Zhang et al., 2002a, 2002b, 2004). It is known that
the structural proteins play very important roles in virus
infection and morphogenesis. However, at present, only
VP28 protein has been reported to involve in the attachment
and penetration into shrimp cells (Yi et al., 2004), and the
roles of other structural proteins in the life cycle of virus
remain to be defined. The molecular events in virus entry
and assembly are poorly understood.
VP26 protein, the product of the WSV311 gene of WSSV
(Yang et al., 2001), is one of the major structural proteins of
virus. It was first identified by van Hulten as a nucleocapsid
protein with a theoretical isoelectric point of 9.4 (van Hulten005) 93 – 99
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to have a close association with the viral DNA. In another
study, by immunogold electron microscopy, Zhang et al.
(2002a) demonstrated that an open reading frame (termed as
p22 gene) encoded a viral envelope protein of WSSV.
BLAST result revealed that the p22 protein was identical to
the VP26 protein. The function of this protein remains to be
determined.
In this study, we found that VP26 protein partitions
mostly in the envelope and remains some in the
nucleocapsid fraction upon Triton X-100 treatment. We
propose that VP26 protein is located in the space
between the envelope and the nucleocapsid acting as a
linker protein. Furthermore, by fluorescence microscopy
and coimmunoprecipitation experiments, we investigated
the interaction of VP26 protein with host cytoskeleton.
The data obtained will help elucidate the role of VP26
protein in the process of virus infection.Fig. 2. (A) SDS-PAGE of purified WSSV virions. Lane 1: protein
molecular weight marker. Lane 2: WSSV envelope fraction. Lane 3: the
viral nucleocapsids. VP28, VP26, and VP19 are indicated by an arrow,
respectively. (B) Western blot of the envelope and the nucleocapsid fraction
with an antiserum against the VP26 protein.Results
Expression and purification of the recombinant VP26
protein
Computer analysis of the 204 amino acids showed that a
strong hydrophobic region is present at the N-terminus of
VP26 protein, including a putative transmembrane domain.
For the convenience of purification of the soluble VP26
protein, the extracellular domain region of VP26 protein
from aa 36 to 204 was cloned into a bacterial expression
vector so that the fusion protein contains hexahistidine
sequences at the N-terminus for purification with a nickelFig. 1. SDS-PAGE of expressed and purified recombinant VP26 protein.
Lane 1: protein molecular weight marker. Lane 2: total soluble proteins of
bacterial before induction. Lane 3: total soluble proteins of bacterial after
induction with IPTG. Lane 4: purified rVP26 protein.column. The rVP26 was expressed and purified through a
Ni-NTA affinity column (Fig. 1).
Localization of VP26 protein within the virion
In general, envelope-associated proteins can be released
from virions with a non-ionic detergent, although in some
cases DTT is required. As shown in Fig. 2A, when
purified virions were treated with 1% Triton X-100 and
20 mM DTT, the typical envelope proteins such as VP28
and VP19 were present exclusively in the soluble
(envelope) fraction as expected (van Hulten et al., 2002;
Zhang et al., 2002b). VP26 protein was largely in the
envelope fraction, consistent with the finding of Zhang et
al. (2002a), who showed that it associates with the viral
envelope. However, a small amount of VP26 protein
remained insoluble (nucleocapsid) fraction, indicating it
might be also association with the viral nucleocapsid.
Western blot analysis with the anti-VP26 serum confirmed
the presence of VP26 protein both in the envelope and
nucleocapsid fraction (Fig. 2B).
In order to confirm the association of VP26 protein
with the viral nucleocapsid, recombinant VP26 was
incubated with purified nucleocapsids at 4 -C for 30
min. As shown in Fig. 3, after incubation, recombinant
VP26 could be detected in the nucleocapsid by Western
blot analysis, indicating that VP26 protein could interact
with some protein of the nucleocapsid. Taken together,
Fig. 5. Purification of rVP26-binding proteins. Triton X-100-solubilized
hemocytes were applied to the Sepharose coupled with rVP26 protein and
then washed. The rVP26-binding proteins were eluted with elution buffer.
Lane 1: protein molecular weight marker. Lane 2: purified rVP26-binding
proteins.
Fig. 3. Western blot of the viral nucleocapsids incubated with rVP26. Lane
1: purified rVP26. Lane 2: the viral nucleocapsids incubated with rVP26.
Lane 3: the viral nucleocapsids. rVP26 and VP26 are indicated by an arrow,
respectively.
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structural link between the envelope and the nucleocapsid
(see Discussion).
Microscopic observation of FITC-rVP26 binding to cells
Hemocytes were incubated with FITC-rVP26, plus or
minus 100-fold unlabelled rVP26, and FITC-dUTPase at 4
-C for 1 h. Fluorescent grains were visible in hemocytes
incubated with FITC-rVP26 (Fig. 4A), and were not present
in hemocytes incubated with a 100-fold excess of unlabelled
rVP26 (Fig. 4B) and FITC-dUTPase (Fig. 4C). In some
experiments, cell binding assays with FITC-rVP26 as
described in Materials and methods were also performed
in other cells from the hepatopancreas and heart tissue,
similar results could be observed (data not shown). These
results suggested that FITC-rVP26 is bound to some cellular
proteins of host cells.
Purification of VP26-binding proteins and mass
spectrometric analysis
In order to identify the specific VP26-binding proteins,
an affinity column coupled with rVP26 was constructed.
The proteins extracted from hemocytes were loaded onto
the affinity column. After washing with lysis buffer,
VP26-binding proteins were eluted with elution buffer
and analyzed by SDS-PAGE. Three major proteins wereFig. 4. Fluorescence microscopic identification of FITC-rVP26 binding in hemocyt
with FITC-rVP26 in the absence (panel A) or presence (panel B) of a 100-fold
Fluorescent grains were visible only in hemocytes incubated with FITC-rVP26 (pobserved with apparent molecular mass of 42 kDa, 28
kDa and 24 kDa, respectively (Fig. 5). The protein bands
were excised and subjected to MS analysis. The protein
with an apparent molecular mass of 42 kDa was
identified as actin. Eleven experimentally obtained tryptic
peptide masses were found to match predicted peptide
masses to actin of Litopenaeus vannamei within 0.2 kDa,
covering 40% the amino acid sequence. The measured
and calculated peptide masses and the sequence assign-
ments are given in Table 1. The other two proteins
showed low homology to the known proteins in database.
Coimmunoprecipitation of VP26 protein with actin
To further confirm the MS results and elucidate whether
VP26 protein is capable of binding to actin, coimmunopre-
cipitation analysis of VP26 protein with anti-actin antibody
was performed. The recombinant actin corresponding to aa
23 to 227 was expressed and purified through a Ni-NTA
affinity column (Fig. 6A), and the specific antiserum against
actin was prepared in mouse. The detergent-soluble celles. Hemocytes treated as described in Materials and methods were incubated
excess of unlabelled rVP26, or FITC-dUTPase (panel C) for 1 h at 4 -C.
anel A).
Table 1
Measured and calculated molecular masses for tryptic peptides which identify the 42 kDa protein as actin of Litopenaeus vannamei
Mass (kDa)a Position Sequence
Measured Calculated Difference
644.33 644.37 0.04 179–184 LDLAGR
976.37 976.44 0.07 20–29 AGFAGDDAPR
1036.47 1036.65 0.18 328–336 IKIIAPPER
1146.45 1146.54 0.09 198–207 GYTFTTTAER
1198.60 1198.53 0.07 52–62 DSYVGDEAQSK
1198.60 1198.70 0.10 30–40 AVFPSIVGRPR
1515.62 1515.74 0.12 86–96 IWHHTFYNELR
1516.59 1516.70 0.11 361–373 QEYDESGPSIVHR
1790.73 1790.89 0.16 240–255 SYELPDGQVITIGNER
1953.88 1954.06 0.18 97–114 VAPEEHPVLLTEAPLNPK
2230.86 2231.06 0.02 293–313 DLYANTVLSGGTTMbYPGIADR
a Monoisotopic, neutral masses.
b Met is oxidized.
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immunoprecipitated with a polyclonal anti-actin antibody.
As shown in Fig. 6B, the viral VP26 protein was
precipitated with anti-actin antibody. In control experiments,
no VP26 protein was immunoprecipitated with the pre-
immune serum of mouse. Similarly, actin was precipitated
with anti-VP26 antibody (Fig. 6C). These data indicated that
the viral VP26 protein is capable of binding to the actin
filaments.Fig. 6. (A) SDS-PAGE of expressed and purified segment of actin. Lane 1:
protein molecular weight marker. Lane 2: total soluble proteins of bacterial
before induction. Lane 3: total soluble proteins of bacterial after induction
with IPTG. Lane 4: purified segment of actin. (B) Coimmunoprecipitation
of VP26 protein with anti-actin antibody. Hemocytes solubilized in
extraction buffer were supplemented with the viral envelope proteins.
After immunoprecipitation with anti-actin antibody, the protein complexes
were separated on a SDS-PAGE gel, transferred onto a PVDF membrane,
analyzed by Western blot with anti-VP26 antibody to detect VP26 protein.
Lane 1: coimmunoprecipitation of VP26 protein with anti-actin antibody.
Lane 2: no immunoprecipitation of VP26 protein with pre-immune serum
of mouse. Lane 3: VP26 protein precipitated with anti-VP26 antibody. (C)
Coimmunoprecipitation of actin with anti-VP26 antibody. Lane 1:
coimmunoprecipitation of actin with anti-VP26 antibody. Lane 2: no
immunoprecipitation of actin with pre-immune serum of mouse. Lane 3:
actin precipitated with anti-actin antibody.Discussion
VP26 protein is one of major structural proteins of
WSSV. The amino acid sequence of this protein indicates a
predicted molecular weight of 22 kDa, but on SDS gels it
migrates anomalously at a position corresponding to 26 kDa
and was therefore referred to as VP26 in previous studies
(van Hulten et al., 2000b). The location of VP26 protein in
the virion is controversial (see Introduction). In this study,
we have provided evidence that VP26 protein is association
with both the envelope and the nucleocapsid. It was reported
that p39, a structural protein of vaccinia virus, plays a
matrix-like role in the virion, acting as the link between the
core and the surrounding membrane (Cudmore et al., 1996;
Jensen et al., 1996). In a similar manner to p39, we propose
that VP26 protein functions as a matrix-like linker protein
between the envelope and the nucleocapsid of virion. A
possible pattern is that the N-terminus of VP26 protein
anchors in the envelope via the hydrophobic region and the
C-terminus is bound to the nucleocapsid. It might explain
why VP26 protein partitions partially into the nucleocapsid
fraction after two round of detergent extraction.
To date, the function of VP26 protein in the life cycle of
virus is still unknown. Amino acid analysis of VP28 and
VP26 indicated that these two proteins have about 40%
amino acid identity (van Hulten et al., 2000a). By
neutralization experiments, VP28 protein was approved to
play a key role in the initial steps of systemic WSSV
infection in shrimp (van Hulten et al., 2001b; Yi et al.,
2004). Therefore, we were originally interested in examin-
ing whether VP26 protein is involved in the process of virus
entry as VP28. It is known that the enveloped viruses invade
host cells by binding to receptors on cell surface and fusion
with the viral membrane to the target cells, in which the
envelope proteins is essential for the virus to form a fusion-
active state (White, 1990, 1992). If VP26 protein plays a
role in WSSV virus attachment or membrane fusion, then it
is predicted that the VP26 antiserum is able to neutralize
WSSV infection in a concentration manner. A specific
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diluted serially to test for neutralization in vivo. However,
the results showed that the VP26 antiserum had no
inhibitory effect at any concentration (data not shown),
suggesting that VP26 protein might not participate in virus
attachment and membrane fusion.
The present results obtained by fluorescence microscopy
and mass spectrometry demonstrated that VP26 protein is
capable of binding to actin or actin-associated proteins. In
recent years, increasing evidence is accumulating to indicate
that cytoskeleton components, especially actin microfila-
ments, play an important role in the process of intracellular
transport for many members of different virus families. After
penetration, the genome of most viruses must be transported
either to the nucleus or to specific cytosolic membranes.
Diffusion in the crowded and highly structured cytosol is not
efficient given the large dimension of most capsids and the
long distances they must travel (Sodeik, 2000; Tomishima et
al., 2001). To move inside the cell, incoming viruses often
exploit the cytoskeleton and cellular motor proteins (Smith
and Helenius, 2004). Baculovirus, for instance, utilizes actin
microfilaments for viral nucleocapsid transport from the site
of virus entry to the nucleus (Charlton and Volkman, 1993;
Lanier and Volkman, 1998; van Loo et al., 2001). Same
strategy is used by other viruses such as human immunode-
ficiency virus type 1 (HIV-1) (Liu et al., 1994). Our
coimmunoprecipitation experiments indicated that VP26
protein can bind to actin and become associated with the
cytoskeleton of the host cell, although these studies do not
demonstrate that whether it does so directly or indirectly. The
possible role for VP26-actin interaction is during the early
stages of viral infection. We propose that VP26 protein might
still bind to the viral nucleocapsid and penetrate into the
cytoplasm after virus fusion and uncoating. As a component
of the viral nucleocapsid, VP26 protein may help the viral
nucleocapsid to move toward the nucleus by interacting with
actin or cellular actin-binding proteins.
VP26 protein exhibits very low homology to all known
actin-binding proteins and does not reveal any significant
structural similarities with other known actin-binding pro-
teins. Further study is required to map the VP26 recognition
site for actin. In summary, for elucidating the role of VP26
protein, characterization of VP26-actin interaction is only the
beginning. We anticipate that further exploration of the
biochemical interactions of these molecules will help to
elucidate the molecular mechanisms of virus entry.Materials and methods
Expression and purification of recombinant VP26 (rVP26)
and actin in E. coli
The WSSV-VP26 gene was amplified from the genomic
DNA of WSSV with the forward primer (5V-GAGAG-
GATCCATGACACGTGTTGGAAG-3V) and the reverseprimer (5V-GAGAGAATTCCTTCTTCTTGATTTCGTC-3V)
carrying recognition sequences for the BamHI and EcoRI
restriction enzyme (underlined). The amplified DNA frag-
ment contained sequences corresponding to VP26 amino
acids (aa) 36 to 204. The actin gene was amplified from the
total DNA of crayfish Procambarus clarkii with the forward
primer (5V-GAGAGGATCCCTTGTGGTTGACAATGGC-
3V) and the reverse primer (5V-GAGAGAATTCGATGT-
CACGAACGATTTC-3V) carrying recognition sequences
for the BamHI and EcoRI restriction enzyme (underlined).
The amplified DNA fragment contained sequences corre-
sponding to actin aa 23 to 227. The PCR product was
digested with BamHI and EcoRI and cloned into pET-His
(Shenzhen Gene Power). The recombinant plasmid was
transformed into E. coli BL21 (DE3).
For protein expression, the bacterial cultures were
induced with 0.5 mM isopropyl-b-d-thiogalactoside (IPTG)
for 6 h at 30 -C and then harvested. The bacterial pellets were
resuspended and sonicated, and the supernatant recovered
after centrifugation was loaded onto a column of NiNTA
resins (Qiagen). The recombinant protein was purified under
native conditions according to the instructions of QIAex-
pressionist (Qiagen). The protein concentration was deter-
mined using the CB-protein assay kit (Calbiochem).
Preparation of antibody
The purified proteins were used as antigen to immunize
mice by intradermal injection once every ten days. Antigen
(20 Ag) was mixed with an equal volume of Freund’s
complete adjuvant (Sigma) for the first injection. Subse-
quent injections were conducted using 20 Ag of antigen
mixed with an equal volume of Freund’s incomplete
adjuvant (Sigma). Four days after the last injection, mice
were exsanguinated, and antisera were collected.
Gel electrophoresis and Western blot
Proteins dissolved in loading buffer were separated by
standard SDS-PAGE (Laemmli, 1970) with a 12% resolution
gel and a 4% stacking gel, and then transferred onto a PVDF
transfer membrane (Amersham) with Hoefer mini VE Blot
Module (Amersham). The membrane was immersed in
blocking buffer (20 mM Tris–HCl, 150 mM NaCl, 1%
bovine serum albumin (BSA), 0.05% Tween-20, pH 7.5) at 4
-C overnight followed by incubating with anti-VP26 serum
for 2 h. Subsequently, alkaline phosphatase (AP)-conjugated
goat anti-mouse IgG (Promega) was used as the secondary
antibody and the detection was performed with a substrate
solution containing 4-chloro-1-naphthol and X-phosphate
(Roche).
Virus purification and detergent extraction of intact virus
WSSV inoculum was prepared from Penaeus japonicus
shrimp with pathologically confirmed infection. The infec-
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performed as described previously (Xie et al., 2005).
Briefly, the tissues of infected crayfish excluding hepato-
pancreas were homogenized in TNE buffer (50 mM Tris–
HCl, 400 mM NaCl, 5 mM EDTA, pH 8.5) containing a
combination of protease inhibitors (1 mM phenylmethyl-
sulfonyl fluoride (PMSF), 1 mM benzamidine, and 1 mM
Na2S2O5), and then centrifuged at 3500  g for 5 min at 4
-C. After filtering by nylon net (400 mesh), the supernatant
was centrifuged at 30,000  g for 30 min at 4 -C. Then the
upper loose pellet was rinsed out carefully, and the lower
white pellet was suspended in 10 ml TNM buffer (50 mM
Tris–HCl, 100 mM NaCl, 10 mM MgCl2, pH 7.5). After
centrifugation at 3500  g for 5 min, the virus particles
were sedimented by centrifugation at 30,000  g for 20 min
at 4 -C, and then resuspended and kept in 1 ml TNM buffer.
Viral envelopes were separated from the nucleocapsids
upon Triton X-100 treatment. Generally, 0.2 ml of purified
WSSV was mixed with an equal volume of 2% Triton X-100
and 40 mM freshly prepared dethiothreitol (DTT) and
incubated for 1 h at room temperature with gentle shaking.
The mixture was sedimented at 15,000  g for 20 min at 4
-C to separate the phases. The supernatant (envelope
fraction) was saved, and the insoluble fraction (nucleocap-
sid) was subjected to a second round of Triton X-100
extraction to ensure the viral envelopes removed completely.
Interaction of recombinant VP26 with the nucleocapsid
The viral nucleocapsids extracted by Triton X-100 were
suspended in 0.2 ml of TNM buffer and added 5 Ag of
rVP26. The mixture was gently rocked for 30 min at 4 -C
and centrifuged at 15,000  g for 10 min. After washing
with cold TNM buffer three times, the nucleocapsids were
dissolved in Laemmli sample buffer, separated by 12%
SDS-PAGE gel, and analyzed by Western blot with the anti-
VP26 serum.
Fluorescein isothiocyanate (FITC)-labeled rVP26
FITC-labeled rVP26 (FITC-rVP26) was prepared using a
modification of the method of Riggs et al. (1958). The
purified rVP26 protein was dialyzed against conjugation
buffer (100 mM carbonate bicarbonate buffer, pH 9.6) and
adjusted to the concentration of 1 mg/ml. FITC (200 Ag) in
200 Al of conjugation buffer was mixed with 1 mg of rVP26
protein. The mixture was gently rocked for 1 h at room
temperature, applied to a G-15 column, and equilibrated
with PBS for separating free FITC from conjugated-FITC-
rVP26. With the same method, FITC-dUTPase (a purified
recombinant protein of WSSV) was prepared.
Cell binding assays
Hemocytes extracted from crayfish were fixed in PBS
containing 4% paraformaldehyde (wt/vol) for 20 min on ice.Following three washes with cold PBS, hemocytes were
permeabilized with 0.1% Triton X-100 for 60 s and then
blocked with 2% BSA for 10 min. For fluorescence
microscopy, 1  105 hemocytes in 0.1 ml PBS-2% BSA
were incubated with 1 Ag of FITC-rVP26 with or without a
100-fold excess of unlabelled rVP26, or 1 Ag of FITC-
dUTPase as a negative control at 4 -C for 1 h. After washing
with cold PBS three times and a final wash step with
distilled water, hemocytes were mounted on poly-lysine-
coated glass slides. Then the samples were stained with
propidium iodide (400 ng/ml) as counter staining, and
observed under a fluorescence microscope (Olympus,
Japan).
Purification of rVP26-binding proteins by
affinity-chromatography
The rVP26 protein was coupled to CNBr-activated
Sepharose 4B according to the manual of Amersham
Biosciences. Hemocytes extracted were solubilized in lysis
buffer (50 mM Tris–HCl, 100 mM NaCl, 1 mM PMSF, 1%
Triton X-100, pH 7.5) for 1 h at 4 -C. After centrifugation at
10,000  g, the sample was applied to Sepharose, and
washed with lysis buffer. VP26-binding proteins were eluted
with elution buffer (50 mM Tris–HCl, 400 mM NaCl, 1%
Triton X-100, pH 7.5). The binding proteins purified were
separated by 12% SDS-PAGE gel.
Mass spectrometric analysis
The protein bands were excised from the SDS-PAGE gel,
subjected to in-gel digestion by trypsin as described
previously (Eckerskorn and Lottspeich, 1989; Rosenfeld et
al., 1992). Mass spectrometric analysis was performed on a
4700 Proteomic Analyzer (Applied Biosystems, USA). Data
searches against the NCBInr database were performed.
Coimmunoprecipitation experiments
The viral envelope proteins extracted as described
previously were dialyzed against extraction buffer (10 mM
Tris–HCl, 1 mM EDTA, 150 mM NaCl, 1% Triton X-100,
pH 7.5) and adjusted to the concentration of 1 mg/ml.
Hemocytes (1  106) were lysed by incubation at room
temperature for 30 min in 0.5 ml extraction buffer and the
cell lysates were clarified by centrifugation at 10,000  g
for 20 min. The supernatants were supplemented with 2 lg
of the viral envelope proteins and incubated with anti-actin
serum or pre-immune serum of mouse as a negative control
overnight at 4 -C. Subsequently, 10 ll of Sepharose beads
conjugated with protein A (Amersham) was added to the
cell extracts and incubated for 1 h at 4 -C. The Sepharose
beads were collected by centrifugation and washed five
times with 0.5 ml of extraction buffer. The bound proteins
were dissociated from the antibody by boiling in loading
buffer for 5 min and separated on 12% SDS-PAGE gels. The
X. Xie, F. Yang / Virology 336 (2005) 93–99 99separated proteins were transferred onto a PVDF membrane.
The transferred VP26 protein was detected by Western blot
with anti-VP26 serum. With the same method, immunopre-
cipitation of actin with anti-VP26 serum was performed.Acknowledgments
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